Quilao RJ, Greer M, Stack BC Jr. Investigating the potential underdiagnosis of primary hyperparathyroidism at the University of Arkansas for Medical Sciences. Laryngoscope Investigative Otolaryngology. 2020;5:773--777. 10.1002/lio2.415

Presented at UAMS College of Medicine 3‐Minute Thesis Competition, 1st Place

1. INTRODUCTION {#lio2415-sec-0005}
===============

The parathyroid glands are four small glands located in the neck, typically on the posterior aspect of the thyroid. Normally, one\'s size is comparable to that of a grain of rice, about 50 mg. These glands function in maintenance of appropriate calcium levels within the blood. The parathyroid glands produce parathyroid hormone (PTH), an 84‐amino acid polypeptide, which increases serum calcium through promoting osteoclast activity, decreasing the excretion of calcium in the urine, and enhancing absorption of calcium from the intestinal tract (Figure [1](#lio2415-fig-0001){ref-type="fig"}).[^1^](#lio2415-bib-0005){ref-type="ref"} The output of PTH is regulated by calcium‐sensing receptors (CaSR) within the cell membranes of parathyroid glands.[^2^](#lio2415-bib-0002){ref-type="ref"} Therefore, under normal conditions, there is an inverse relationship between blood calcium levels and PTH output.

![Normal physiology of calcium homeostasis via parathyroid hormone production](LIO2-5-773-g001){#lio2415-fig-0001}

The disease primary hyperparathyroidism (PHPT) is characterized by one or more parathyroid glands producing excess amounts of PTH. These overactive parathyroid glands cease to respond to the intrinsic regulatory function by the CaSR, thereby causing an overabundance of calcium within the blood. In other words, PHPT is characterized by excess PTH levels with concurrent hypercalcemia. Patients with this disease often exhibit hypercalciuria as well. PHPT can arise due to several pathophysiological processes. Most commonly, PHPT occurs as a result of a parathyroid adenoma, which is a noncancerous adenomatous growth of normal cells within one parathyroid gland. Parathyroid hyperplasia, in which multiple parathyroid glands have become overgrown, accounts for a smaller proportion of PHPT cases.[^3^](#lio2415-bib-0003){ref-type="ref"} Parathyroid cancer can also cause PHPT, but accounts for less than 1% of all cases.[^4^](#lio2415-bib-0004){ref-type="ref"}

PHPT is known to increase the risk of cardiovascular disease, osteoporosis, psychiatric disturbances, and renal complications.[^5^](#lio2415-bib-0005){ref-type="ref"} However, patients with PHPT most commonly exhibit mild, nonspecific symptoms, or are completely asymptomatic altogether. The diagnosis of PHPT is often made incidentally when blood draws are ordered for unrelated reasons. Nonspecific symptoms of the condition include joint aches, fatigue, appetite changes, and even psychiatric disturbances such as depression and impaired concentration. More severe and specific symptoms occur with significant disturbances in calcium homeostasis. These symptoms include impaired kidney function, nephrolithiasis, and osteoporosis.[^3^](#lio2415-bib-0003){ref-type="ref"}

Treatment/management of PHPT is largely dependent on the severity of symptoms. In asymptomatic individuals without significant chemical derangements, the condition may be managed with lifestyle modifications (eg, adequate hydration, physical activity, moderation of calcium intake, and consumption of vitamin D). For osteoporotic patients, further bone loss may be prevented by anti‐osteoporotic medications. However, the single definitive treatment for PHPT is parathyroidectomy, which is typically reserved for more symptomatic cases, with serum calcium at least 1 mg/dL greater than the reference normal cutoff.[^6^](#lio2415-bib-0006){ref-type="ref"}, [^7^](#lio2415-bib-0007){ref-type="ref"} Since surgical treatment remains the only treatment for severe/late‐stage PHPT, earlier detection of this condition may allow an opportunity for management of the disease through lifestyle changes and medical means. Some tertiary centers in the United States have published data suggesting large‐scale underdiagnosis of PHPT at their institutions.[^8^](#lio2415-bib-0008){ref-type="ref"}, [^9^](#lio2415-bib-0009){ref-type="ref"}, [^10^](#lio2415-bib-0010){ref-type="ref"} This research manuscript discusses trends in the diagnosis of PHPT at the University of Arkansas for Medical Sciences (UAMS).

2. METHODS {#lio2415-sec-0006}
==========

With approval from the institutional review board (IRB \#228381), a retrospective study of data from all UAMS patients from 2006 to 2018 was conducted via electronic health records (EHRs). Initially, patient health care data are captured in an Epic EHR. Patient demographic, medical history, and coverage details are then copied on a scheduled basis from the real‐time database to an operational reporting database residing on a Microsoft SQL server. The schedule of this extract, transform, and load (ETL) process is regular but varies by field. The UAMS Clinical Data Warehouse (CDW) contains a subset of data from the hospital EHR reporting system combined with legacy data from older discontinued software sources. The CDW data are also refreshed through an ETL process on a scheduled basis. Potential PHPT patients were gathered from the CDW. They were identified by the presence of hypercalcemia and/or hypercalciuria. Inclusion criteria were total calcium \>10 mg/dL or ionized calcium \>1.33 mmol/L, and/or diagnosis of hypercalciuria. Exclusion criteria included other conditions known to increase serum calcium: preexisting malignancy, vitamin D toxicity, hypermagnesemia, hyperphosphatemia, acute pancreatitis, active infection, herbicide exposure, familial hypocalciuric hypercalcemia, Bartter syndrome, milk‐alkali disease, or toxicity due to rifampin, aminoglycosides, bisphosphates, or proton pump inhibitors.

Finally, to evaluate the extent to which a diagnosis of PHPT, or lack thereof, was pursued, patients meeting these criteria were then screened by the binary question of whether or not they received subsequent testing of PTH levels. Reviewers inquired as to whether or not any identification of parathyroid gland abnormality was conducted via imaging, or if clinical courses were compared between patient cohorts. However, this study was conducted as a laboratory study focused on determining the prevalence of hypercalcemia/hypercalciuria at UAMS and the rate of appropriate follow‐up in these patients.

3. RESULTS {#lio2415-sec-0007}
==========

Of all UAMS patients from 2006 to 2018, 28 831 patients were identified to have hypercalcemia and/or hypercalciuria not explained by other medical conditions (as listed above). Of these patients, only 7984 subsequently received testing of PTH levels. Therefore, 20 847 patients (72%) with the diagnosis of hypercalcemia and/or hypercalciuria never had PTH levels drawn as part of their follow‐up (Figure [2](#lio2415-fig-0002){ref-type="fig"}). A comparison between the patients who received the PTH testing vs patients who did not is shown in Figures [3](#lio2415-fig-0003){ref-type="fig"} and [4](#lio2415-fig-0004){ref-type="fig"}.

![Proportions of University of Arkansas for Medical Sciences (UAMS) hypercalcemic/hypercalciuric patients 2006‐2018 (28 831 patients total) that were (28%) or were not (72%) tested for hyperparathyroidism (HPT)](LIO2-5-773-g002){#lio2415-fig-0002}

![The distribution of maximum serum calcium (Ca max) and ionized calcium (Ci max) values (mg/dL) in hypercalcemic/hypercalciuric patients who received parathyroid hormone (PTH) test](LIO2-5-773-g003){#lio2415-fig-0003}

![The distribution of maximum serum calcium (Ca max) and ionized calcium (Ci max) values (mg/dL) in hypercalcemic/hypercalciuric patients who did not receive parathyroid hormone (PTH) test](LIO2-5-773-g004){#lio2415-fig-0004}

4. DISCUSSION {#lio2415-sec-0008}
=============

These data may indicate an extremely significant underdiagnosis of PHPT at UAMS. Literature review has shown that other US tertiary institutions have reported similar large‐scale lack of follow‐up for the potential diagnosis of PHPT. Delayed identification of this disease in patients worsens long‐term sequelae, which results in increased morbidity/mortality over time. In a study by Bandeira et al, a cohort of 25 patients with asymptomatic PHPT, 48% had osteoporosis in the lumbar spine. Furthermore, in patients with severe PHPT, the prevalence of osteoporosis was 100% in the lumbar spine, 86% in the femoral neck, and 86% in the 1/3 radius.[^11^](#lio2415-bib-0011){ref-type="ref"} As one can infer, pathological fractures confer high rates of morbidity and mortality in elderly patients. In a study of nearly 100 000 Medicare patients with vertebral fracture by Lau et al, 7‐year risk of death was nearly doubled in an elderly person with vertebral fracture when compared to elderly counterparts without fracture, after adjustment for comorbidity.[^12^](#lio2415-bib-0012){ref-type="ref"} Regarding hip fractures, a recent study by Edelmuth et al demonstrated a mortality rate of 11.9% during hospitalization for elderly patients admitted after surgery for hip fracture.[^13^](#lio2415-bib-0013){ref-type="ref"}

In addition to PHPT\'s catabolic effect on bone, disruption of calcium homeostasis in PHPT patients produces significant adverse cardiovascular effects. PHPT has been shown to contribute to hypertension, left ventricular hypertrophy, heart failure, and calcific disease. It is becoming well‐recognized that early diagnosis and treatment of PHPT can decrease cardiac sequelae of the disease.[^14^](#lio2415-bib-0014){ref-type="ref"} Additionally, studies show an increased probability of cerebrovascular accidents in patients with PHPT vs those without the disease.[^15^](#lio2415-bib-0015){ref-type="ref"} Rarely, stroke may even be the presenting symptom in a PHPT patient.[^16^](#lio2415-bib-0016){ref-type="ref"} Although the mechanism has yet to be fully elucidated, PHPT has also been implicated as a cause of secondary depression. Most of these patients report resolution of their depressive symptoms following regulation of serum calcium levels.[^17^](#lio2415-bib-0017){ref-type="ref"} From these data, one can infer that prompt diagnosis and early treatment of PHPT may decrease morbidity and mortality due to long‐term sequelae of the disease, as well as improving quality of life in these patients. Identification of underdiagnosis of PHPT at an institutional level opens the door for further characterization of this issue, as well as future improvement in the diagnosis rates of this disease.

5. CONCLUSIONS {#lio2415-sec-0009}
==============

This study seeks to increase physicians\' consideration of PHPT on their diagnostic "radar," especially given the fact that PTH quantification is not a particularly costly test. Improvement in diagnosis rates could be done at the level of primary care providers, hospitalists, and any other physicians that detect abnormally high serum/urine calcium and are in position to further screen the patient. Perhaps future collaboration with orthopedists regarding uniform PHPT screening after fracture would be of high yield. Similar recommendations may be made for urologists when a diagnosis of nephrolithiasis is made. In the future, notifications could be built into electronic medical records that would alert the physician if hypercalcemia/hypercalciuria is detected and the patient has never had PTH levels drawn. Given the long‐term sequelae of untreated PHPT, prompt diagnosis of this condition would undoubtedly improve morbidity and mortality in patients with this disease.
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